Aims: To review the international guidelines and recommendations on survey instruments for measurement of alcohol consumption in population surveys, and to examine how national surveys in England meet the core recommendations. 
Introduction
Monitoring alcohol consumption across a population is crucial to evaluating whether national policies and approaches are being effective in reducing alcohol-related harm (World Health Organization Regional Office for Europe, 2012 , World Health Organization, 2014 . Individual level alcohol consumption data obtained using general population surveys have advantages over other measures of alcohol use such as sales data. They measure not only the volume but also patterns of individual alcohol consumption (World Health Organization, 2000) , and allow researchers to link alcohol drinking with related consequences as well as to adjust for individual-level characteristics (Dawson, 2003 ). Furthermore, individual-level data enable comparison of drinking patterns between population subgroups (World Health Organization, 2000) . However, self-reported alcohol consumption typically only accounts for 40-60% of total alcohol sales (Midanik, 1982 , Bellis et al., 2009 , Boniface and Shelton, 2013 . This underestimation of self-reported alcohol consumption is likely to occur mainly due to sampling-frame issues (Shield and Rehm, 2012, Meier et al., 2013) , nonresponse bias (Zhao et al., 2009 , Maclennana et al., 2012 , Meiklejohn et al., 2012 , Gorman et al., 2014 ) and under-reporting bias (Stockwell et al., 2014 , Boniface et al., 2014 , Livingston and Callinan, 2015 . For example, general population surveys normally include people living in private households, hence they do not take into account the alcohol consumption among homeless people, military personnel, people in care homes, university students living in halls of residence and prisoners, some of which groups are more likely to be involved in heavy drinking (Meier et al., 2013) .
In addition to the above limitations, the survey instruments themselves and the framing of the questions is likely to influence the adequacy of survey measures of alcohol consumption (Rehm et al., 1999 , Feunekes et al., 1999 , Dawson, 2003 , Heeb and Gmel, 2005 , Greenfield and Kerr, 2008 .
Multiple guidelines for how drinking should be measured in surveys have been proposed, but whether they are consistent in their recommendations has not been considered to date.
In the UK, alcohol survey data substantially underestimates alcohol consumption extrapolated from sales data and this underestimation has increased over time (Catto, 2008) .
According to the General Lifestyle Survey (GLF) in 2008, the survey underestimation of alcohol consumption was around 40% when compared with the sales data (Boniface and Shelton, 2013) , and the difference between GLF measure and alcohol sales was equivalent to 430 million units a week (Bellis et al., 2009) . In other words, a bottle of wine per adult (16 years and over) per week is unaccounted for due to survey underestimation (Bellis et al., 2009) . Adjusting GLF survey data to account for several potential biases from the methodology of the surveys, such as under-sampling of dependent drinkers, increased the GLF's annual per capita alcohol consumption estimate, but it still remained 22% lower than the estimate obtained from equivalent alcohol sales data (Meier et al., 2013) . The issues with alcohol survey instruments in English surveys may have contributed towards this residual underestimation. It is important therefore to identify whether alcohol consumption measures from English surveys are based on the best available survey instruments. This study aims to identify and compare the recommendations on alcohol survey instruments from international guidelines, and to establish whether national surveys in England are adequately measuring the key aspects of alcohol consumption.
Methods
A literature search for international guidelines for measuring alcohol consumption in general population surveys was carried out. It was conducted within the websites of the WHO, National
Institutes of Health (NIH), Centres for Disease Control and Prevention (CDC), European Commission, UK Department of Health (DH) and the UK Office for National Statistics, as well as the PubMed database, by using the following search strategy: (recommendations OR standards OR guidelines OR agreement) AND (measuring OR monitoring OR reporting OR questions) AND (alcohol consumption OR ethanol consumption OR drinking alcohol OR drinking pattern). From the results of these searches, we identified those publications that provide international guidelines for measuring alcohol consumption among adults (age≥16) in general population surveys. The references cited by identified guidelines were also scrutinized in order to identify any other existing international guidelines.
We extracted data on alcohol consumption measures and recommended survey instrument or questions from each guideline, and the process used to establish them. When guidelines had both a minimum set of questions and a recommended set of questions for alcohol research, the recommended set of questions was extracted. The analysis was limited to the recommendations on alcohol survey instruments that measure levels and patterns of alcohol consumption. Therefore the recommendations for measuring alcohol consequences or minimising other limitations of national surveys, such as sampling frame issues, under-reporting and non-response bias, were not included in the analysis.
We then looked for commonality between the guidelines in terms of recommended measures and survey instruments and described these common core recommendations. For example, all four guidelines recommend measuring frequency and volume of heavy episodic drinking and using Graduated Quantity Frequency (GQF) questions as the survey instrument.
Finally, we identified the three major general population surveys that have been collecting alcohol consumption data using detailed questions on average volume of consumption and heavy episodic drinking among adults (age≥16) in England (Goddard, 2007) , and have been used to provide national level estimates on adults alcohol consumption (Robinson and Harris, 2009 , Office for National Statistics, 2013b , Health & Social Care Information Centre, 2014 All four guidelines emphasise that surveys measuring alcohol consumption need to contain items on alcohol drinking status, average volume of alcohol consumption, and frequency and volume of heavy episodic drinking, where the volume of alcohol is calculated by multiplying the quantity and frequency of relevant drinking occasions over the past year. A minimum set of three questions (that can be used to obtain all above mentioned alcohol consumption measures) has also been provided by the guidelines as shown in Table 1 . In addition to this minimum set, all four guidelines give their recommended items for surveys that are able to include a larger number of questions. These include more detailed questions on volume of average alcohol consumption, frequency and volume of binge drinking and an optional section on drinking context (Table 1) . For measuring average volume of alcohol consumption, Beverage Specific Quantity Frequency (BSQF) questions were identified as the most appropriate survey instrument, whereas Quantity Frequency (QF) questions were identified as adequate when surveys have limited resources and space for alcohol questions. QF questions measure how often alcohol was consumed and how much on each occasion whereas BSQF questions do the equivalent for different types of alcohol beverage separately. All guidelines recommend Graduated Quantity Frequency (GQF) questions to assess heavy episodic drinking. GQF questions start by asking for the highest level of consumption on any occasion during the past year and then, based on the answer, ask a series of follow-up questions on frequency of consuming lesser quantities ( e.g. frequency of consuming more than 144g, 96g, 60g, 36g, or 24g) (Dawson and Room, 2000 , World Health Organization, 2000 , Moskalewicz and Sieroslawski, 2010 .
Results

Guidelines for measuring alcohol consumption
In addition to the above questions on essential alcohol consumption measures, questions on drinking context were also recommended by all four guidelines. Commonly recommended drinking context questions ask whether participants drank with or without meal, alone or with others, and the place of drinking.
Some other additional alcohol consumption measures were also recommended by individual guidelines. For example, the WHO and SMART guidelines recommended including questions on unrecorded consumption (home brewed or purchased abroad) and duration of heavy drinking occasions. However, these additional questions were recommended for surveys that can include a large number of questions and they were not commonly recommended by all four guidelines. English surveys did not include questions on the frequency of heavy episodic drinking, the other essential measure recommended by the international guidelines. They have used an alternative set of questions on binge drinking which focusses only on the volume of alcohol consumed on the heaviest drinking day of the last week. The guidelines, on the contrary, recommend using GQF questions which measure not only the volume of binge drinking but also the frequency of binge drinking with the past year as the reference period.
In addition to the above questions on essential alcohol consumption measures, questions on drinking context were not addressed at all by either HSE or GLF. However, the Opinions and Lifestyle survey included some of the recommended items on drinking context such as questions on place of drinking.
Comparison of survey questions overtime from the year 2000 onwards
The next phase of the analysis, which is the assessment of the consistency of alcohol related 
Discussion
Alcohol consumption data from national surveys are essential for epidemiological and public health research purposes, and existing international guidelines are broadly consistent in their recommendations for how alcohol consumption should be measured in these surveys. Alcohol consumption status, average volume alcohol consumption, and frequency and volume of binge drinking are the essential alcohol consumption measures recommended by all four guidelines with another recommended item on drinking context for surveys that can include a large number of questions. English national surveys have collected data only on two core items, as they did not include questions on the frequency of binge drinking. The alternative method they have used, which focusses on volume of alcohol drunk in the heaviest drinking day of the last week, is likely to underestimate the scale of heavy drinking in England. The inclusion of beverage specific questions, the only source of information in English surveys for measuring volume of average alcohol consumption, has been inconsistent over time.
It is perhaps not surprising that some of the guidelines are consistent, as they have been constructed by some of the same leading experts in the field and based on their understanding of the available evidence. The recommendations from the SMART project stand alone in resulting from a full systematic review of the evidence, and with testing of these recommended questions across multiple European countries, including the UK. It is reassuring that the recommendations of the SMART project on essential alcohol consumption measures are similar to those of the other guidelines. We have compared the guidelines with national survey data for England. Welsh and Scottish Health Surveys containing similar, but not identical, alcohol questions to those in the HSE also exist, and the GLF and Opinions and Lifestyle survey provide data for other UK countries as well;
however, in the interests of clarity, we have focussed on surveys used in England.
We have used the guidelines as a means of assessing the quality of alcohol consumption data for in England but it should be recognised that consistency with the guidelines may still not constitute successful alcohol consumption measurement. Even surveys that have the 'best-case' measures according to the guidelines are likely to produce estimates that are lower than sales. This will be partly due to biases in who is surveyed in the national surveys, resulting from the sampling frame and non-response, but problems with the survey instruments remain. For example BSQF is the recommended survey instrument to measure volume of alcohol consumption according to all four international guidelines, but BSQF is less reliable for measuring irregular drinking patterns since it is based on average measures and it does not capture the volume of alcohol taken as a combination of various types of drinks (Moskalewicz and Sieroslawski, 2010) . There have been attempts to improve the recording of self-reported alcohol consumption by using more detailed drinking location specific questions (Casswell et al., 2002 , Casswell et al., 2012 , and by using the 'yesterday' method, which includes questions about the amount of alcohol consumed on the day before the interview (Stockwell et al., 2008) . The 'yesterday' method has proven to be effective in minimising underreporting of overall alcohol consumption but it appears to be best used to augment other methods capable of describing longer-term alcohol drinking patterns such as the GQF (Stockwell et al., 2008) .
The location-specific alcohol consumption questions have been used by the International Alcohol Control Study (IAC). For Australia and New Zealand this method has generated alcohol consumption estimates that were equal to 86% and 94% of alcohol sales respectively (Casswell et al., 2002, Livingston and Callinan, 2015) . However, this highly detailed method is time consuming and may not be suitable for multi-purpose surveys of the type discussed in this paper (Casswell et al., 2012) .
Heavy episodic drinking, extreme drinking or binge drinking refers to a drinking pattern of consuming an intensive volume of alcohol over a short period of time that is likely to lead to intoxication and acute consequences (World Health Organization, 2014, World Health Organization) . According to the WHO, heavy episodic drinking is defined as "drinking at least 60g , 2003, Moskalewicz and Sieroslawski, 2010) . Even though it is difficult to estimate exactly by how much binge drinking is being underestimated in English surveys as a result of the current survey approach, a study from Canada which compared the GQF measure on last year alcohol consumption with a weekly drinking measure on previous week consumption found that the former gave 5 times higher prevalence estimate of binge drinking (Rehm et al., 1999) . Therefore, the English survey binge drinking measure based on just one day of the previous week might be expected to miss even more binge drinkers because of the shorter time frame. It may also be affected by seasonality due to its shorter reference period and may fail to represent respondents' overall pattern of binge drinking. Therefore, the English surveys' heaviest drinking day measure on its own cannot be used for most epidemiological research purposes. A review of data from Scotland's routine national surveys has also reported similar findings on binge drinking measures based on the shorter reference period of last week (Catto, 2008 ).
An individual's average volume of alcohol consumption is the other most important indicator used in alcohol epidemiology as it has a causal impact on chronic diseases such as cancers, diabetes mellitus, depressive disorder and liver cirrhosis (Rehm et al., 2003 , Rehm et al., 2010 .
Despite its importance, the BSQF questions that provide the information on average volume of consumption in English surveys, have been inconsistently included over time so that this core measure is also unavailable for some years. This has resulted in gaps in time series data on average volume of consumption and limits the potential of these data for formal time series analysis to identify trends in consumption and evaluate policy interventions.
According to the international guidelines, total alcohol consumption from surveys should be calculated by aggregating the average volume of consumption and consumption due to binge drinking occasions (World Health Organization, 2000, Moskalewicz and Sieroslawski, 2010) . This adjustment has also proven to improve prevalence estimates for heavy drinking, since respondents do not normally include heavy drinking occasions in estimates of their average consumption (Mandy Stahre, 2006) . Therefore, using the average volume of alcohol consumption generated by BSQF questions on its own can contribute towards the survey underestimation of alcohol consumption in
England when comparing with sales data.
In January 2012 the GLF was ceased (Office for National Statistics, 2011b) and this has ended a unique and powerful time series of alcohol consumption data in its 35 th year (Goddard, 2007) . Even though alcohol consumption questions asked in the GLF have been transferred to the Opinions and Lifestyle Survey (Office for National Statistics, 2012b), they do not include the detailed beveragespecific questions asked in the GLF (Office for National Statistics, 2011a), and the Opinions and Lifestyle survey has a relatively small sample size due to its format of monthly surveys (Office for National Statistics, 2012c). Out of the three major surveys that used to provide national estimates on alcohol consumption in England, HSE is currently the only survey which continues to measure alcohol consumption annually. However, HSE is also limited by inconsistent inclusion of questions on essential alcohol consumption measures and its small sample size when compared with GLF. Some of the limitations of England's major national surveys in measuring alcohol consumption may be addressed by more recent additions to the spectrum of surveys in this country. The Alcohol Toolkit Study (ATS) includes all essential alcohol consumption indicators including the frequency of binge drinking in a large nationally-representative sample of adults in England (Beard et al., 2015) . This study uses the Alcohol Use Disorders Identification Test (AUDIT) to measure alcohol consumption, which includes the minimum recommended number of alcohol questions but not the detailed survey instruments shown in Table 1 . Alcohol Policy Interventions in Scotland and England (APISE), which is the other recent study, represents England and Scotland's arm of the International Alcohol Control study (Casswell et al., 2012) ; it covers all essential alcohol consumption measures, but uses a small sample size of 3725 adults split evenly between England and Scotland (Sheffield Alcohol Research Group, 2015) . Both these studies are bounded by limited funding available only for a few years (Gateway to Research-Research Councils UK, 2015 , Beard et al., 2015 .
Therefore, future surveys should aim to use methodologies which reduce their inherent biases, but should also strive to retain consistency of core indicators of alcohol epidemiology that are essential for monitoring public health and evaluating alcohol control policies and other interventions. It is important that this includes a measure of the frequency of binge drinking. Ideally the recommended survey instruments on all core alcohol consumption indicators should be included in the newer Integrated Household Survey, which is carried out quarterly and has a much larger sample size than HSE(Office for National Statistics, 2012a). Including more detailed alcohol questions on drinking context would be helpful in identifying the associations between drinking and its consequences. (World Health Organization, 2000, Moskalewicz and Sieroslawski, 2010) . For example, drinking without meals (Trevisan et al., 2001) , in public drinking places (Rossow, 1996) , with many others (Wells and Graham, 2003) has been associated with higher rates of alcohol consequences. Ensuring that measurement of alcohol consumption in all countries adheres to the guidelines would not only provide more reliable estimates for each country to evaluate its own level of public health risk and effectiveness of national policy, but also improve the global and regional comparability of data on alcohol use and health consequences in order to improve monitoring and to facilitate research, risk assessment and advocacy.
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